Previous studies have demonstrated that the hydrolysis of the trypsin substrate N-benzoyl-DL-arginine-2-naphthylamide (BANA), by subgingival plaque obtained from a single site, correlates best with the numbers and proportions of spirochetes in plaque samples and may serve as an indicator of clinical disease. In this investigation, we determined whether the association between BANA hydrolysis and spirochetes could be obtained in pooled subgingival plaque samples. Concomitantly, the characteristics of this reaction in terns of substrate type and concentration, microbial numbers needed to give a positive reaction as assessed by microscopic counts, rapidity of hydrolysis, and the effect of pH and various additives on the plaque BANA hydrolytic activity have been studied in pooled plaque samples from patients who were periodontally healthy or diseased. In addition, it was determined whether BANA hydrolytic activity found in subgingival plaque reflected contributions from saliva and supragingival plaque. Results indicated that the assay can best be performed with 0. 67 mmol/L BANA at pH 7. 0. EDTA and CaC12 gave a slight inhibition and D7T a slight enhancement of the BANA reaction by the pooled plaque suspensions. The majority of the reactions (85%) developed their full color after overnight incubation. BANA hydrolysis was not found in saliva and occurred with much greater frequency in subgingival plaque as opposed to supragingival plaque. Analysis of the data indicated that BANA hydrolysis by pooled subgingival plaque samples is a suitable test for the detection of spirochetes when two or three spirochetes per high microscopic field are present in the sample.
Introduction.
In recent years, evidence has been presented which suggests a specific bacterial etiology in many forms of periodontal diseases. The association of a limited number of bacterial species-i.e., Haemophilus (Actinobacillus) actinomycetemcomitans (Zambon, 1985) , Bacteroides gingivalis (Slots et al., 1985; Loesche et al., 1985) , Bacteroides forsythus, Wolinella recta (Dzink et al., 1985) , and spirochetes -with various forms of periodontal disease allows for the development of diagnostic tools that are based upon the detection of one or more of these organisms and/or their overgrowth in plaque. The detection and/or enumeration of these species by cultural or microscopic methods is time-consuming and labor-intensive. An ideal approach would be the development of a diagnostic test for the presence and/or levels of these organisms that is simple, inexpensive, and reliable.
B. gingivalis, a Capnocytophaga species phenotypically similar to C. gingivalis, Treponema denticola, a small spirochete (Laughon et al., 1982a) , and B. forsythus possess a trypsin-like enzyme which can be detected by a biochemical chromogenic reaction. Previous studies have demonstrated that the hydrolysis of the trypsin substrate N-benzoyl-DL-arginine-2-naphthylamide (BANA) by subgingival plaque obtained from a single site correlates best with the numbers and proportions of spirochetes in plaque samples and may serve as an indicator of clinical disease. In this investigation, we determined whether the same association between BANA hydrolysis and spirochetes could be obtained in pooled subgingival plaque samples, since it is likely in practice that a clinician would pool such samples so as to obtain information from one test per patient. In addition, the characteristics of this reaction in terms of substrate type and concentration, microbial numbers needed to give a positive reaction, rapidity of hydrolysis, pH optimum, and the effects of additives (enhancers and/or inhibitors) on the plaque BANA hydrolytic activity have been studied in patients who were periodontally healthy or diseased.
Materials and methods.
Subgingival plaque samples were collected and pooled from three or four sites per patient by means of a curette after the supragingival plaque had been removed and discarded. In a separate experiment, using a second group of individuals, supragingival plaque samples were removed from teeth that were periodontally healthy or diseased. These pooled samples were transferred to a vial containing 0.6 mL of Sorensen phosphate buffer (pH 7.2, 0.15 mol/L monopotassium phosphate, 0.15 mol/L disodium phosphate) and dispersed for 20 seconds by means of a vortex mixer; 0.05 mL of this plaque suspension was removed for microscopic count, with the remainder used for the various experiments.
For the microscopic counts, 0.01 mL of the aliquot used for the microscopic analysis was placed on a glass slide, covered with a cover slip, sealed, and examined by dark-field microscopy. The remaining plaque suspension was further divided into several 0.05-mL aliquots and added to 0.1 mL BANA to give a final concentration of 0.67 BANA mmol/L. The BANA stock solution was prepared by the addition of 44 mg to 1 mL of dimethyl sulfoxide and was diluted 1:100 in Sorensen phosphate buffer. The samples were incubated overnight at 370C, and the color was developed by the addition of a drop of 0.1% fast garnet (Laughon et al., 1982a) . The results were read by eye with the aid of a color chart and with scoring methods as described elsewhere- .
Optimal concentration of BANA. -The purpose of this experiment was to determine optimal concentration for plaque assay. Previous studies (Laughon et al., 1982b) using pure strains of Bacteroides gingivalis showed 1 mmol/L BANA in the final reaction mixture to be the optimal concentration. We wanted to determine whether or not this concentration was also optimal for plaque assays. The concentrations tested ranged from 0.67 mmol/L to 13.4 mmol/L BANA in the final reaction mixture.
Rapidity of hydrolysis. -Plaque samples were incubated at 370C, and the color reactions were read after 30 minutes, one hour, and 18 hours (overnight incubation). The first two time intervals were chosen to duplicate a time interval that might occur during a patient's visit to the dentist.
Microbial numbers needed to give a positive reaction. -The number of bacteriaper high-power microscopic field (hpf) and the number of spirochetes per hpf required to give a positive reaction were determined by dark-field microscopy. Each plaque suspension was examined until either 200 organisms or the number of organisms in 20 hpf was enumerated. The single cells were identified as spirochetes, selenomonads, vibrio-like, motile rods, fusiforms, non-motile rods, or cocci. The numbers of spirochetes and bacteria per hpf were correlated with the BANA reaction.
In separate experiments, the BANA reagent (0.67 mmol/L) was added to undiluted plaque suspension (0.1 mL) and to 1:2 and 1:10 dilutions thereof. After overnight incubation and addition of the fast garnet color developer, the amount of color was determined and correlated with the number of bacteria and/ or spirochetes per hpf. In this manner, it was possible to estimate the minimal number of bacteria or spirochetes needed to give a positive BANA reaction.
Substrate type. -Recently, Ohta et al. (1986) isolated and characterized a trypsin-like enzyme from Treponema denticola which was capable of hydrolyzing N-benzoyl-L-arginine-p-nitroanilide (BAPNA) as well as BANA. This substrate, unlike BANA, does not require an additional reagent to develop its color. BANA and BAPNA substrates were compared at different concentrations using the same plaque suspensions.
Effect ofpH on BANA hydrolysis. -The plaque samples were normally suspended in Sorensen phosphate buffer (pH 7.2) and added to the BANA solution, which was also at pH 7.2. In this study, the plaque suspensions were added to BANA stock solutions that had been prepared in Sorensen phosphate buffer at pHs 6.0, 7.0, and 8.0, so as to mimic those pHs which could be found in resting subgingival plaque. These plaque-BANA mixtures were adjusted to yield the respective pHs by addition of 0.1 mol/L HCl or KOH.
Additives. -The previous study used plaque suspended in reduced transport fluid (RTF) for the measurement of BANA hydrolysis . Since RTF contains CaCI2, EDTA, and dithiothreitol (DYT) as additives, the effects of these compounds on the plaque BANA hydrolytic activity were determined by addition of 0.01, 0.1, or 1 mmol/L of these reagents to the BANA-plaque-Sorensen buffer mixture previously described.
Statistical analysis. -The data were entered, via a customized program, into files suitable for computer processing. The bacterial counts, as well as the total spirochetal counts and their relation to test results, were submitted to analysis of variance (ANOVA) and the nonparametric Kruskal-Wallis and chi-square tests. These statistical analyses were performed by means of MIDAS, the statistical program of the Michigan Terminal System.
Results.
The majority of the samples hydrolyzed BANA over a 20fold concentration range (0.67 to 13.4 mmol/L) ( Table 1 ). The highest proportions of positive reactions and the lowest proportions of weak positive reactions were seen at 0.67 mmol/L BANA, and this concentration was chosen for the remaining studies. Fifteen percent of the positive reactions at these concentrations developed their maximal color in one hour, while 85% of the reactions required overnight incubation for maximal color development. The samples which exhibited a rapid color change had high levels of spirochetesper hpf, i. e., above 20 spirochetes per hpf.
There was a strong positive relationship between BANA hydrolysis and both the number of spirochetes per hpf and the number of bacteria per hpf in the subgingival plaques (Table  2 ). An average of 6 spirochetes per hpf and 15 bacteria per hpf was associated with weakly positive reactions, suggesting that these values were near the detection limit for BANA hydrolysis. A distribution analysis of the numbers of spirochetes and bacteria per hpf in the BANA-positive and BANA-negative plaque samples indicated that the detection limit was lower, being about 2 spirochetes and 6 bacteria per hpf, respectively. Thus, 90% of the BANA-positive plaque samples had 2.4 spirochetes or more per hpf, whereas only 25% of the BANAnegative samples had more than 1.8 spirochetesper hpf (Table  3 ). Ninety percent of the BANA-positive samples had 6.4 bacteria or more per hpf, whereas only 25% of the BANA-negative samples had more than 6.5 bacteria per hpf.
A similar detection limit was estimated via a different approach. Plaque suspensions and various dilutions thereof were incubated with the BANA reagent. BANA-positive reactions occurred in samples that averaged 27 bacteria and 15 spirochetes per hpf (Table 4) . A 1-to-2 dilution of these samples did not change the proportions of BANA-positive or weakly positive plaque, but a 1-to-10 dilution converted 90% of these samples to BANA-negative. The remaining BANA-positive or weakly positive samples had at least 7 bacteria and 2 spirochetes per hpf, whereas in the now-BANA-negative samples, the bacteria averaged 2.1 per hpf and the spirochetes 1.3 per hpf (Table 4 ). These experiments showed that increased numbers of spirochetes and bacteria per hpf were significantly related to BANA hydrolysis. The spirochetes were a major component of the bacteria per hpf, comprising about 40% of the flora, i~e., average 44.1%, median 42.8%. Thus, it is possible that the relationship between bacteria per hpf and BANA hydrolysis could reflect in large part the contributions of the spirochetes to the total bacterial count. We reasoned that if the nonspirochetal bacteria were making a contribution to the BANA hydrolysis that was equal to that of the spirochetes, there would be no difference in the number of spirochetes and bacteria per hpf when a ratio of BANA-positive to DANA-negative plaque samples was calculated.
in the data presented in Table 3 , the number of spirochetes per hpf, when the ratio of positive to negative BANA samples was determined, ranged from 8 to 13, with a median value of 10. The corresponding ratio for the number of bacteria er Ihpf ranged from 3.5 to -4.6, with a median value of 3.9. This suggested that the spirochetes were making the greater contribution to the positive BANA reactions, since the ratio between a positive and a negative reaction was 10, as opposed to 4 when all the bacteria were considered. If the nonspirochetal organisms were making an equal contribution, then their ratio would also have been about 10. In reality, given the fact that the spirochetes comprised about half the bacteria in the plaque, then the decrease 'in the ratio from 10 to 4 almost reflects the dilution of the spirochete count by BANA-negative bacteria. These calculations suggest that the spirochetes, rather than the nonspirochetal organisms, were making the major contribution to the DANA-positiveness of the plaque.
The relative contribution of the spirochetes to the positive DANA activity of the plaque samples was also assessed by measurement, in separate experiments, of the BANA activity of supragingival plaque samples that would not be expected to have the same dominant spirochetal composition as. subgingi'val plaque. The supragingival plaque samples were removed, but instead of being discarded, were incubated with the DANA reagent. The subgingival samples collected at the same time from the same teeth were incubated independently with the BANA reagent. Sixty-two percent of the subgingival samples were BANA-positive, whereas only 15% of the supragingival samples were BANA-positive (Table 5 ). This indicates that the microbes responsible for BANA hydrolysis resided primarily in the subgingiv-al plaque.
Additional studies were performed to see whether the spirochetes could contribute to the DANA hydrolysis observed in the supragingival plaque. These supragingival plaque samples were mainly B3ANA-negati've, despite the presence, of high numbers of bacteria per hpf (Table 6 ). However, there was a significant positive relationship between BAN hyrolysis and and BAPNA were equally hydrolyzed by plaque suspensions over the pH range of 6.0 to 8.0 (Table 7 ). The addition of EDTA and CaCI2 over a 100-fold concentration range gave a slight inhibition and DTT~a slight enhancement of DANA hydrolysi's by subgingival plaque samples (Table 8 ).
There is the possibility that proteases produced by PNMs present in crevicular fluid and/or by bacteria present in saliva or supragingival plaque could be contributing to the DANA hydrolysis observed in these subgingival plaque samples. Loesche et al. (1987) have shown that peripheral blood and crevicular fluid PNMs did not hydrolyze DANA. We were unable to detect DANA hydrolysis in 0.1 mL of saliva collected from 15 patients who were either healthy or periodontally diseased (data not shown). This volume of saliva is about 20 times the amount of saliva that could have contaminated J Dent Res November 1987 the plaque samples and indicates that the saliva was not contributing to the BANA hydrolysis of our subgingival samples.
Discussion.
Several studies have demonstrated that the number and proportions of spirochetes can be used to distinguish between healthy or periodontally diseased patients (Listgarten and Hellden, 1978; Loesche et al., 1985; Slots et al., 1985) . However, spirochetes may not be the exclusive microbial indicator of periodontal disease, since B. gingivalis, B. forsythus, H. actinomycetemcomitans, and others have also been associated with periodontal diseases. Thus, it may be necessary to develop a test that will detect and quantitate most if not all of these species. This BANA assay, while correlating significantly with plaque levels and proportions of spirochetes, has the potential to detect the presence in high numbers of other species, such as B. gingivalis and B. forsythus, that are capable of degrading BANA . In this capacity, the BANA test may provide a simple means of diagnosing an anaerobic infection involving these periodontopathogens.
The characteristics of the BANA reactions from subgingival plaque samples were investigated in this study in order to optimize the conditions for this assay. The concentration of BANA over the range of 0.67 mmol/L to 13.4 mm/L was not critical, and the level of 0.67 mmol/L was chosen for further testing, since it yielded the maximal amount of hydrolysis per amount of substrate used (Table 1) .
The importance of spirochetes was demonstrated when the ratio of positive and negative BANA results was compared as a function of the number of spirochetes or bacteria per hpf (Table 3 ). The importance of spirochetes was also shown by the findings obtained with the supragingival plaque samples. With these, there was no relationship between bacterial numbers and BANA hydrolysis, while there was a highly significant positive association between BANA hydrolysis and spirochetes per hpf and % spirochetes (Table 6 ). In this respect, we concluded that the BANA hydrolysis was directly related to the number of spirochetes in both subgingival and supragingival plaque samples.
This analysis showed that the detection limit for the spirochetes was in the vicinity of 2 spirochetes per hpf, since 90% of the positive reactions had 2 or more spirochetes per hpf (Table 3) . This value was also suggested by the dilution experiments, since BANA-positive samples converted to BANAnegative samples when the samples were diluted to 1.3 spirochete and 2.7 bacteria per hpf (Table 4 ). These spirochetal numbers are comparable with the 2 to 3 spirochetes per hpf that had previously been observed with single plaque samples taken from the most diseased sites per quadrant . Thus, by including multiple subgingival plaque samples that were not necessarily taken from the most diseased sites, we could obtain results similar to those obtained when only single sites were sampled.
Among the cultivable spirochetesi.e., T. socranskii, T. vincenti, T. pectinovorum, and T. denticola -only T. denticola hydrolyzes BANA (Syed et al., 1987, unpublished data) . This would suggest the importance of T. denticola in the diseased sites. In this regard, Simonson et al. (1987) have shown, using monoclonal antibodies to T. denticola, that the numbers of this species increased significantly both in absolute numbers and relative numbers in samples taken from sites exhibiting periodontitis as opposed to gingivitis.
These results do not rule out the possibility that other bacteria were contributing to the positive BANA results. A previous investigation had shown that B. gingivalis and C. gingirvalis were minor contributors to the BANA positiveness of plaque . This leaves the recently described species, B. forsythus, and other unrecognized bacteria, as well as uncultivable spirochete species, as potential contributors to the BANA reaction.
BANA and BAPNA substrates were both readily hydrolyzed by plaque. However, BANA was the substrate of choice, because any blood in the sample gave a pale yellow color which was indistinguishable from the pale yellow color associated with a weak BAPNA result. Accordingly, in the presence of any blood, it would be difficult to recognize a weak BAPNA reaction by the plaque.
There was no significant effect on the BANA reactions of the various pHs that would be encountered in the plaque. The trypsin-like enzyme recently isolated from B. gingivalis (Yoshimura et al., 1984) is stimulated by DIT and EDTA and unaffected by CaCl2, whereas the T. denticola enzyme (Ohta et al., 1986) is unaffected by DTT and EDTA and activated by CaCI2. In our study, EDTA and CaCl2 gave a slight inhibition and DYT a slight enhancement of the BANA reaction by the pooled plaque suspensions (Table 8 ). Thus, the ingredients in the RTF did not seem to affect the results, nor did their addition suggest whether the T. denticola or B. gingivalis enzyme was the dominant enzyme in the plaque.
Analysis of these data indicates that BANA hydrolysis by pooled subgingival plaque samples is a suitable test for the detection of spirochetes when at least 2 or 3 spirochetes per hpf are present in the sample. The assay can best be performed with 0.67 mmol/L BANA at pH 7.0, although there appears to be a wide range of substrate concentrations and pHs at which the enzyme is active.
The following instances are examples of when or where the BANA test could be applied in periodontal therapy: (a) at initial diagnosis, in conjunction with clinical parameters, so as to establish treatment tactics; (b) to determine whether initial treatment has been adequate or whether additional modalities are called for; (c) at recall visits, to determine whether retreatment is necessary; and (d) to predict possible future development of periodontal inflammation or periodontal breakdown. In this regard, the predictive value of clinical parameters is minimal in anticipating attachment loss in untreated patients (Haffajee et al., 1983) . Loesche et al. (1987) have shown that BANA hydrolysis by plaque samples has the potential to be a marker of periodontal morbidity as assessed by probing depth measurements and by plaque proportions of spirochetes. Syed et al. (1984) have shown that BANA hydrolysis can be used to measure the efficacy of antimicrobial treatment in the experimental gingivitis model. Gusberti et al. (1986) have shown that BANA hydrolysis along with other enzyme markers can be used to diagnose and to monitor treatment efficacy in refractory patients. Thus, the clinical management of patients with periodontal disease can be based on criteria given by both bacterial and clinical parameters that can be compared at different time intervals, as was suggested by Listgarten (1986) .
In summary, the BANA test is simple to perform, of low cost, and could be useful for the dental profession as a parameter for diagnosing and monitoring the levels of spirochetes in subgingival plaque samples. The sensitivity and specificity of the BANA test are being evaluated in ongoing clinical studies in our laboratory.
